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(57) ABSTRACT 
This invention relates to Water soluble iron oxide nanopar 
ticles and a method of its preparation. More speci?cally, this 
invention relates to a method of manufacturing Water soluble 
iron oxide nanoparticles uniform in siZe by coating polyvi 
nylpyrolidone, a biocompatible polymer that can be intra 
venously administered via thermal decomposition, on the 
surface of iron oxide thereby enabling to control the siZe of 
resulting particles, and Water soluble iron oxide nanopar 
ticles coated With polyvinylpyrolidone. The above-men 
tioned Water soluble iron oxide nanoparticles have excellent 
image contrasting effect and are thus useful as MRI contrast 
agent. 
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WATER SOLUBLE IRON OXIDE 
NANOPARTICLES AND A METHOD OF ITS 

PREPARATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority of Korean Appli 
cation No. 10-2005-021150, ?led Mar. 14, 2005, the disclo 
sure of Which is incorporated herein by reference. 

TECHNICAL FIELD OF THE INVENTION 

[0002] This invention relates to Water soluble iron oxide 
nanoparticles and a method of its preparation. More speci? 
cally, this invention relates to a method of manufacturing 
Water soluble iron oxide nanoparticles Which are uniform in 
siZe by coating polyvinylpyrolidone, a biocompatible poly 
mer that can be administered intravenously via thermal 
decomposition, on the surface of iron oxide thereby capable 
of controlling the siZe of resulting particles, and Water 
soluble iron oxide nanoparticles coated With polyvinylpy 
rolidone. 

BACKGROUND OF THE INVENTION 

[0003] Generally, iron oxide nanoparticles are required to 
have excellent Water solubility and a relatively narroW siZe 
distribution for their use in medical industry. For example, 
the nanoparticles should have a particle siZe of about 50 to 
200 nm to be used as contrast agent for liver, and the 
particles are promptly removed from the blood due to 
phagocytosis by reticuloendothelial cells Within an hour, and 
their distribution is liver-speci?c and thus can be used as 
contrast agent for liver. For iron oxide particles With a siZe 
of less than 50 nm, the above-mentioned phagocytosis by the 
phagocytes is relatively loW and thus they can remain in 
blood for a relatively long period of time. Therefore, due to 
the rather lengthy retention in the blood they can provide a 
good image contrast of lymph nodes as Well as that of blood. 
MRI contrast agent is used to increase image contrast 
betWeen a normal tissue and a damaged tissue. In general, 
particles comprising para-gadolinium, manganese ions, col 
loidal magnetic nanoparticles, and superparamagnetic par 
ticles are intravenously injected to patients. Of magnetic 
nanoparticles, iron oxide particles in particular have excel 
lent image contrast elfect and thus have been used as MRI 
contrast agent. Besides, they can be used in targeted drug 
delivery, diagnosis and therapeutic treatment of cancer, 
thermotherapy, tissue and cell therapy, and the like. 

[0004] The polyvinylpyrolidone of the present invention, 
having its chemical name of poly(l-vinyl-2-pyrolidone), is 
a polymer having properties similar to those of PEG and is 
a non-toxic and non-ionic biocompatible polymer With an 
excellent Water solubility. The scope of its applications 
includes pharmaceutical excipients, food additives, stabiliZ 
ers, and injectional preparations and thus it can be used as 
a stabiliZer in the event of manufacturing MRI contrast 
agent. 

[0005] Superparamagnetic contrast agent can be manufac 
tured by various methods such as coprecipitation of iron 
salts and microemulsion in coating polymer solution such as 
dextran, and laser-induced thermal decomposition. HoW 
ever, thus obtained nanoparticles are not desirable because 
they are not uniform in siZe and also have relatively loW 
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crystallinity thus negative impact on the magnetic proper 
ties. Therefore, there Were developed recently methods of 
thermal decomposition of iron oxide precursors such as 
FeCup3, Fe(acac)3 and Fe(CO)5. HoWever, iron oxides syn 
thesiZed by the above methods are Well dissolved in organic 
solvents and thus there are limitations in their applications to 
biomedical uses. 

SUMMARY OF THE INVENTION 

[0006] The inventors of this invention have performed 
extensive researches to develop iron oxide nanoparticles 
Which can resolve the above limitations in their applications 
to medical ?elds because they are Water insoluble but 
soluble only in organic solvents. As a result, they have 
succeeded in manufacturing iron oxide nanoparticles Which 
can control the particle siZe based on the established factors 
such as molecular Weight of polypyrolidone, selection of an 
appropriate solvent and the content of precursor, are Water 
soluble and also uniform in siZe, by coating polypyrolidone, 
a biocompatible polymer that can be intravenously injected, 
on the surface of iron oxide nanoparticles via thermal 
decomposition. Therefore, an object of the present invention 
is to provide a method for manufacturing iron oxide nano 
particles coated With polypyrolidone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The above and other objects and features of the 
present invention Will become apparent from the following 
description of the invention, When taken in conjunction With 
the accompanying draWings, Wherein: 

[0008] FIG. 1a shoWs a picture of iron oxide nanopar 
ticles coated With polyvinylpyrolidone prepared in Example 
1 taken by Transmission Electron Microscope; 

[0009] FIG. 1b shoWs a picture of iron oxide nanopar 
ticles coated With polyvinylpyrolidone prepared in Example 
2 taken by Transmission Electron Microscope; 

[0010] FIG. 2 shoWs an image contrast picture of a rabbit 
liver taken via MRI before and after addition of iron oxide 
nanoparticles coated With polyvinylpyrolidone prepared in 
Example 2; and 

[0011] FIG. 3 shoWs that uniform particles cannot be 
obtained in Comparative Example 1 in manufacturing iron 
oxide due to the aggregation. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0012] This invention relates to iron oxide nanoparticles 
coated With polypyrolidone Which are Water soluble and 
uniform in siZe and a method of their preparation. 

[0013] The present invention is explained in greater detail 
as set forth hereunder. 

[0014] In a preferred embodiment, the present invention 
provides Water soluble iron oxide nanoparticles uniform in 
siZe obtained by coating polyvinylpyrolidone, a biocompat 
ible polymer that can be intravenously administered on the 
surface of iron oxide via thermal decomposition thereby 
enabling to control the siZe of resulting particles, and Water 
soluble iron oxide nanoparticles coated With polyvinylpy 
rolidone. 
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[0015] In manufacturing iron oxide nanoparticles, if they 
are to be applied to medical ?elds such as contrast agent, 
they should have a uniform distribution of particle siZe and 
thus it is very important that the siZe of iron oxide nano 
particles be controlled for that purpose. As a Way to control 
the siZe of iron oxide nanoparticles the inventors of the 
present invention optimiZed such factors as the content of 
precursor, selection of a solvent, molecular Weight of a 
stabilizer and the like. 

[0016] In particular, polyvinylpyrolidone, the polymer to 
be used as a stabiliZer in this invention, is adsorbed to the 
surface of growing metal particles and becomes stabiliZed 
thereby preventing groWth and aggregation of metal par 
ticles and also determining the strength of interfacial inter 
action betWeen polymer layers to be adsorbed to metal 
cluster by the ?exibility of polymer chain. Besides, the 
viscosity of a solution can determine the overall reaction rate 
and thus the forms and shapes of the iron oxide nanoparticles 
to be obtained Were shoWn to vary greatly depending on the 
molecular Weight of polyvinylpyrolidone and a solvent. 

[0017] In the present invention, there is provided a method 
for manufacturing Water soluble iron oxide nanoparticles 
comprising: (a) heating a mixture consisting of polyvinylpy 
rolidone and its solvent at about 120 to 600° C., (b) adding 
an iron oxide precursor to the above mixture and agitating 
for about 30 min to 48 hrs, (c) cooling doWn to about 20 to 
30° C. to obtain iron oxide nanoparticles coated With poly 
vinylpyrolidone on the surface. 

[0018] The polyvinylpyrolidone used in the present inven 
tion is a polymer, similar to PEG in properties, Which is a 
biocompatible, Water soluble and non-toxic and non-ionic 
polymer. Further, its scope of applications include pharma 
ceutical excipients food additives, stabiliZers, injectional 
preparations and thus it can be used as a stabiliZer in 
manufacturing MRI image contrast medium. 

[0019] The polyvinylpyrolidone is preferred to have 
molecular Weight of 3,000-100,000 g/mol, more preferably 
5,000-30,000 g/mol. This is because the longer the length of 
the polymer chain the stronger the adsorption With a rela 
tively thin layer. If the molecular Weight of polyvinylpyroli 
done is less than 3,000 g/mol its length becomes insu?icient 
as a chain for coating iron oxide thus causing aggregation 
and not being able to form particles uniform in siZe. Mean 
While, if the molecular Weight is higher than 100,000 g/mol 
it results in aggregation among polymers thus not desirable. 

[0020] Any polar organic solvent may be used as the 
above solvent, hoWever, it is preferred that the above solvent 
to be selected from the group consisting of carbitol, glycol, 
dimethylformamide, propylenecarbonate, isopropylalcohol 
and glycerol. Examples of the above glycol include poly 
ethyleneglycol, ethyleneglycol, and propylenecarbonate. 

[0021] For the complete dissolution of the polyvinylpy 
rolidone, the mixture of polyvinylpyrolidone and its solvent 
is preferably heated at about 120 to 600° C., more preferably 
at about 150 to 300° C. If it is heated beloW 120° C. the 
resulting iron oxide precursor is not completely decomposed 
While it becomes carboniZed if it is heated above 600° C. 

[0022] Examples of an iron oxide precursor to be used in 
the present invention are FeCup3, Fe(acac)3, and Fe(CO)5. 

[0023] The iron oxide precursor is added to the above 
mixture consisting of polyvinylpyrolidone and its solvent 
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and agitated for about 0.5 to 72 hrs to alloW a reaction. Here, 
if the reaction time is less than 0.5 hour it results in 
incomplete formation of iron oxide While it results in 
production of relatively big siZed-particles if the reaction 
time exceeds 72 hrs. 

[0024] The rate of agitation is preferred to be performed in 
the range of about 300-500 rpm. If the agitation rate is loWer 
than 300 rpm reactants are not able to make even contact 
With one another and thus su?icient coating cannot be 
achieved. If the agitation is performed in a relatively high 
speed it is highly likely that aggregation Would occur due to 
insu?icient coating. 

[0025] In a preferred embodiment of the present invention, 
Water soluble iron oxide nanoparticles are obtained by 
reacting polyvinylpyrolidone and iron oxide precursor in a 
molar ratio of about 1:0.01 to 1:10. If the molar ratio is 
beloW the above ratio it results in prevention of forming iron 
oxide core. MeanWhile, if the molar ratio is greater than the 
above ratio the content of a stabiliZer becomes insufficient, 
Which then causes the resulting iron oxide nanoparticles 
ununiform and irregular in shape. 

[0026] In another preferred embodiment of the present 
invention, there are provided Water soluble iron oxide nano 
particles coated With polyvinylpyrolidone, a biocompatible 
polymer, Which can be also controlled in their siZe upon 
production. The limiting factors used in controlling the siZe 
of the iron oxide nanoparticles are the molar ratio betWeen 
polyvuinylpyrolidone and iron oxide precursor, molecular 
Weight of the polyvinylpyrolidone, reaction temperature, 
reaction time and the like. The siZe of the iron oxide 
nanoparticles can be controlled in the range of 1 to 500 nm, 
they can be produced uniformly in siZe and are Water 
soluble, and all the above reactions are performed under 
nitrogen atmosphere. 
[0027] Thus obtained Water soluble iron oxide nanopar 
ticles of 1 to 500 nm in siZe have excellent biomedical 
applications due to their superparamagnetism. 

[0028] As shoWn in the folloWing Examples, it Was con 
?rmed that the iron oxide nanoparticles coated With poly 
vinylpyrolidone have excellent image contrast e?‘ect around 
liver area from an experiment Where they Were injected to 
leg veins of a rabbit and therefore they can be used as an 
MRI contrast agent. Further, they can be also used in 
targeted drug delivery, therapeutic treatments of cells and 
tissues, thermotherapy and the like. 

EXAMPLE 

[0029] This invention is explained in more detail based on 
the folloWing Examples hoWever they should not be con 
strued as limiting the scope of this invention. 

Example 1 

[0030] One gram of polyvinylpyrolidone Kollidone 17PF 
(K 15.3-18.0, MW; 7000-11000 g/mol, BASE, Germany) as 
a stabiliZer Was dissolved in 3 mL of dimethylformamide, 
added into a 100 mL three-necked round ?ask and re?uxed. 
After heating the ?ask to 160° C., 0.052 mL of iron 
pentacarbonyl Was added thereto using a syringe and stirred 
at 160° C. for about 2 hrs at 350 rpm, Wherein the molar ratio 
betWeen polyvinylpyrolidone and iron pentacarbonyl Was 
1:4. As the reaction started the initially orange-colored 
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reactants Were gradually changed to a dark broWn colloidal 
solution of iron oxide. Upon completion of the reaction it 
Was cooled doWn to room temperature to terminate the 
reaction and all the procedure Was performed under the 
ultrapure nitrogen atmosphere. After the reaction, products 
Were inserted into a dialysis membrane, Spectra/Por Mem 
brane (Spectrum Laboratories, Inc., USA) With MWCO(mo 
lecular Weight cut-o?) 50000 and dialyZed by changing 
Water every 3 hrs in the tertiary distilled Water for a period 
of 24 hrs to remove unreacted polymers and solvents. The 
resulting dialyZed solution Was froZen to —800 C. by using 
a deep freezer and then dried using a vacuum freeze dryer 
thereby removing the remaining solvents completely and 
obtaining poWered product as a result. Thus obtained iron 
oxide poWer coated With polyvinylpyrolidone Was Well 
dissolved in Water (poWder A). 

[0031] The picture of the poWderA taken by Transmission 
Electron Microscope is shoWn in FIG. 1a and it Was 
observed that uniform and spherical cores of iron oxide 
nanoparticles of 50 to 100 nm in siZe Were formed. The x-ray 
diffraction of the above poWder shoWed that there Were 
mixtures of iron oxides With both divalent and trivalent 
irons. 

[0032] Dynamic light scattering (DLS) analysis of the 
poWderA in colloidal state revealed that the average siZe of 
iron oxide nannopar‘ticles coated With polyvinylpyrolidone 
Was 230 nm. 

Example 2 

[0033] One gram of polyvinylpyrolidone Kollidone 17PF 
(K 15.3-18.0, MW; 7000-11000 g/mol, BASF, Germany) as 
a stabiliZer Was dissolved in 3 mL of carbitol (TCI, Tokyo, 
Japan), added into a 100 mL three-necked round ?ask and 
re?uxed. After heating the ?ask to 160° C., 0.104 mL of iron 
pentacarbonyl Was added thereto using a syringe and stirred 
at 1600 C. for about 2 hrs at 350 rpm, Wherein the molar ratio 
betWeen polyvinylpyrolidone and iron pentacarbonyl Was 
1:8. Upon completion of the reaction it Was cooled doWn to 
room temperature to terminate the reaction and all the 
procedure Was performed under the ultrapure nitrogen atmo 
sphere. After the reaction, products Were inserted into a 
dialysis membrane, Spectra/Por Membrane (Spectrum 
Laboratories, Inc., USA) With MWCO(molecular Weight 
cut-o?) 50000 and dialyZed by changing Water every 3 hrs 
in the tertiary distilled Water for a period of 24 hrs to remove 
unreacted polymers and solvents. The resulting dialyZed 
solution Was froZen to —800 C. by using a deep freeZer and 
then dried using a vacuum freeZe dryer thereby removing the 
remaining solvents completely and obtaining poWered prod 
uct as a result. Thus obtained iron oxide poWer coated With 
polyvinylpyrolidone Was Well dissolved in Water (poWder 
B). 

[0034] The picture of the poWder B taken by Transmission 
Electron Microscope is shoWn in FIG. 1b and it Was 
observed that uniform and spherical core of iron oxide 
nanoparticles of 10 nm in siZe Were formed. 

[0035] Dynamic light scattering analysis of the poWder B 
in colloidal state revealed that the average siZe of iron oxide 
nanoparticles coated With polyvinylpyrolidone Was 148.9 
nm. The iron content of the poWder B identi?ed by elemen 
tary analysis Was 5.7% 
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[0036] The above poWder B in the amount of 0.24 g Was 
dissolved in 1.4 mL of tertiary distilled Water and Was 
injected into a rabbit of 6 kg in body Weight. The liver image 
contrast pictures taken via MRI before and after the admin 
istration of the poWder B are shoWn in FIG. 2. The amount 
of administration per kg of body Weight of the rabbit Was in 
accordance With the commercially available Resovist com 
position (40 umol Fe/kg). 

Comparative Example 1 

[0037] Experiment Was performed the same as in example 
1 except that K90 (MW; 3600000 g/mol, Sigma, USA) Was 
used in place of polyvinylpyrolidone. As a result, there 
occurred aggregation and thus it Was not possible to obtain 
uniform Water soluble iron oxide nanoparticles (FIG. 3). 

Comparative Example 2 

[0038] Experiment Was performed the same as in example 
1 except that 1 g of polyvinylpyrolidone and 0.143 mL of 
iron pentacarbonyl Were used, Wherein the molar ratio 
betWeen polyvinylpyrolidone and iron pentacarbonyl Was 
1:11. As a result, there occurred aggregation and thus it Was 
not possible to obtain uniform Water soluble iron oxide 
nanoparticles. 

INDUSTIRAL APPLICABILITY 

[0039] As stated above, the iron oxide nanoparticles of the 
present invention is coated With polyvinylpyrolidone, a 
biocompatible polymer, and thus it is Water soluble and also 
its siZe can be controlled. Besides, it provides an excellent 
MRI image contrast e?‘ect thus can be used as MRI contrast 
agent. Further, it can be also used in targeted drug delivery, 
thermotherapy, magnetofection using DNA and magnetic 
nanoparticles coated With cationic molecules, therapeutic 
treatments of cell and tissues and the like. 

[0040] The invention has been described in detail With 
reference to preferred embodiments thereof. HoWever, it 
Will be appreciated that those skilled in the art, upon 
consideration of the disclosure, may make modi?cations and 
improvements Within the scope and spirit of the invention. 

1. A Water soluble iron oxide nanoparticle Wherein its 
surface is coated With polyvinylpyrolidone. 

2. In claim 1, the siZe of said nanoparticle is in the range 
of about 1 to 500 nm. 

3. In claim 1, the molecular Weight of said nanoparticle is 
in the range of about 3,000 to 100,000 g/mol. 

4. In claim 1, said nanoparticle is used as contrast agent, 
targeted drug delivery, thermotherapy, magnetic nanopar 
ticle, and therapeutic treatments of cells and tissues. 

5. A method of manufacturing Water soluble iron oxide 
nanoparticles comprising: 

(a) adding iron oxide precursor at about 120 to 6000 C. to 
a coating solution consisting of polyvinylpyrolidone 
and a polar organic solvent Which dissolves the poly 
vinylpyrolidone; 

(b) agitating the mixture at about 300 to 500 rpm for about 
30 min to 72 hrs to obtain iron oxide nanoparticles With 
polyvinylpyrolidone coated on the surface. 
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6. In claim 5, the molecular Weight of said polyvinylpy 
rolidone is in the range of about 3,000 to 100,000 g/mol. 

7. In claim 5, said polar organic solvent is selected from 
the group consisting of carbitol, polyethyleneglycol, meth 
oxy ethyleneglycol, dimethylformamide, propylenecarbon 
ate, isopropylalcohol and glycerol. 

8. In claim 5, said iron oxide precursor is selected from 
the group consisting of FeCup3, Fe(acac)3, Fe(CO)5. 
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9. In claim 5, the molar ratio betWeen said polyvinylpy 
rolidone and said iron oxide precursor is about 1:10 to 
110.01. 

10. In claim 5, the siZe of said nanoparticle is in the range 
of about 1 to 500 nm. 

11. In claim 5, said manufacturing method is performed 
under nitrogen atmosphere. 

* * * * * 


